Human immunodeficiency virus (HIV) and sexually transmitted disease (STD) coinfection has received increasing attention as a public health concern in the last decade. An "epidemiological and biological synergy" between HIV/acquired immunodeficiency syndrome (AIDS) and other STDs has been observed and studied since the beginning of the HIV/AIDS epidemic. [1] [2] [3] [4] [5] Studies have shown several facets of this syndemic relationship: people infected with STDs are more likely to become infected with HIV, and people coinfected with HIV and another STD are more likely to transmit HIV. 1, 2 Since 2001, primary and secondary syphilis diagnoses have been increasing nationally and in Arizona, particularly among men who have sex with men (MSM). [6] [7] [8] Increases in cases of syphilis among MSM, many of whom are HIV-infected, have been characterized by high-risk sexual activities. 6 Nationwide, the percentage of syphilis cases affecting MSM was 62% in 2009. 6, 7 In addition, MSM represent a large proportion of people living with HIV/AIDS infection in the United States and Arizona. National statistics from 2010 show that 80.9% of all new HIV diagnoses among males indicate MSM behavior and that the percentage of cases reporting MSM behavior has risen during the last decade. 9 The Centers for Disease Control and Prevention (CDC) speculates that the rise in STDs among MSM may be a contributor to HIV incidence due to biological mechanisms of both ulcerative and inflammatory STDs and the increased risk of HIV transmission when STD infection is present. 1, 9 In a 2009 study across multiple cities, coinfection of HIV among those with a primary or secondary syphilis infection ranged from 30% to 74%, with a median of 44%. 10 In Arizona, both overall HIV incidence rates and HIV incidence rates among men have decreased slightly from 2000 to 2009. However, HIV incidence rates among men aged 20-24 years increased from 22.7 per 100,000 population in 2000 to 28.7 per 100,000 population in 2009, peaking at 42.4 per 100,000 population in 2007. Additionally, 82% of these young men were identified as MSM (Unpublished data, Arizona Department of Health Services [ADHS]). In 2010, 86.7% of incident HIV/ AIDS cases in Arizona occurred in males, and 68.4% of all incident HIV/AIDS cases in Arizona reported male-to-male sexual contact. 11 In contrast with decreasing HIV rates, primary and secondary syphilis rates increased in Arizona, from 2.7 per 100,000 population in 2004 to 3.5 per 100,000 population in 2009. Among incident syphilis cases in Arizona's two largest counties (Maricopa and Pima), those identified as MSM increased from 61% in 2004 to 77% in 2009. Gonorrhea rates during this time declined from 74.2 per 100,000 population in 2004 to 49.3 per 100,000 population in 2009. Males had a gonorrhea rate of 53.8 per 100,000 population in 2009 compared with 44.8 per 100,000 population for females; data on gonorrhea cases among MSM were not available. 8 The syndemic nature of these infections signals a need for integrated surveillance. However, there are many challenges to data sharing and analysis within public health systems, including differences in data-collection methods, variables, and systems. HIV confidentiality standards have historically been more stringent than those of other programs, resulting in limitations as to how the data could be used for public health action. 12 Despite these challenges, HIV and STD surveillance patterns in Arizona suggested the need for further study to determine if STDs were occurring among individuals at risk of or previously infected with HIV. Syphilis and gonorrhea were of particular concern due to increasing rates among individuals identifying as MSM, a population at high risk of HIV infection. Performing routine cross-matching of HIV and STD data for the purposes of integrated partner services was identified as a public health priority. Therefore, beginning in March 2009, epidemiologists in the HIV/AIDS and STD sections of ADHS collaborated to identify people with multiple infections.
MATERIALS AND METHODS
We compiled all records of HIV or AIDS cases diagnosed from 1998 to 2008 in the Arizona Enhanced HIV/AIDS Reporting System (eHARS). This analysis included both cases initially diagnosed in Arizona and cases initially diagnosed in other jurisdictions who later resided in Arizona. Records of all syphilis and gonorrhea events diagnosed in Arizona from 1998 through 2008 were abstracted from the state STD surveillance database. Arizona has legislation pertaining to both HIV and STD reporting requirements. 13 ADHS maintains HIV surveillance data in eHARS, a browser-based application designed for HIV/AIDS reporting. STD data are maintained in an Oracle-based system (NAT-P). Both databases include an intersection of laboratory and provider reports along with data collected during partner services interviews.
We abstracted demographic information (e.g., sex, date of birth, and race/ethnicity) from both databases and calculated age using the date of the first disease event. All risk behavior information came from the HIV dataset except for sexual preference, which was present in both datasets. For the small number of cases in which the demographic or sexual preference data differed between the two datasets, data from the HIV dataset were used. We used deterministic matching using the first and third characters of the first name, first and third characters of the last name, date of birth, and gender to identify individuals who had been reported with multiple diseases. 14 Pairs that exactly matched on all data elements were considered to be matches. Pairs were classified as potential matches if some data elements matched. Potential matches underwent manual review, and reviewers coded each pair as a match or a nonmatch; in cases in which a decision was uncertain, reviewers were instructed to classify the match as false. These data were then de-identified, and links to the original datasets were removed. Cases with both syphilis and gonorrhea diagnoses and no HIV infection were excluded from our analyses. Additionally, analyses were stratified by gender; people with a gender other than male or female were excluded from all genderstratified analyses.
Differences in demographic information between people with HIV only and people with multiple infections were assessed using Chi-square testing. For people with HIV infection, we determined the number who had syphilis diagnosed before, after, or at the same time of HIV diagnosis. Similarly, for people with HIV infection, we determined the number who had gonorrhea diagnosed before, after, or at the same time as their HIV diagnosis. People with multiple STD diagnoses were counted once, using the data from the most recent STD diagnosis. The percentage of people with one or more syphilis and gonorrhea diagnoses and previous HIV infection was also calculated by year of first STD diagnosis. STD cases were considered previously infected with HIV if there was a syphilis or gonorrhea diagnosis more than 60 days after HIV diagnosis. Concurrent infections were defined as those that were diagnosed within 60 days of HIV diagnosis.
To assess more recent trends in disease diagnosis, we calculated time intervals between disease events for people with an HIV diagnosis from 2004-2008 and a previous, concurrent, or subsequent STD diagnosis. We calculated time intervals in months for each individual by subtracting the date of HIV diagnosis from the most recent date of syphilis or gonorrhea diagnosis. People were considered to be diagnosed with syphilis or gonorrhea after HIV diagnosis if the STD diagnosis was more than two months after HIV diagnosis. All analyses were completed using SAS ® version 9.2. 15 
RESULTS
There were 72,480 people with one or more diagnoses including HIV (n523,940), syphilis (n510,102 diagnoses among 9,680 people), and gonorrhea (n546,953 diagnoses among 40,969 people). Of the 23,940 people reported with HIV, 1,899 (2.6%) had syphilis or gonorrhea diagnosed before, after, or at the same time as their HIV infection (Table) .
Compared with people with HIV only, people with multiple infections were, on average, more likely to be male (94.9% vs. 87.6%, Chi-square 5 90.25, p,0.0001). Compared with people who had HIV only, people with multiple infections were also, on average, more likely to be Hispanic (25.5% vs. 21.4%, Chi-square 5 17.98, p,0.0001) and aged 20-29 years at first disease event (37.8% vs. 27.5%, Chi-square 5 92.19, p,0.0001). Male-to-male sexual contact was reported more often, on average, for people with multiple infections (85.8%) than for people with HIV only (68.5%, Chi-square 5 248.28, p,0.0001) (data not shown).
Among people diagnosed with HIV/AIDS by the end of 2008 and reported in Arizona, 4.3% (n51,030) had a previously (n5173), concurrently (n5185), or subsequently (n5672) diagnosed syphilis infection (at any stage) in Arizona. Of these 1,030 cases, 94.8% (n5976) were among males. The rate of a previous, concurrent, or subsequent syphilis diagnosis among men diagnosed with HIV was 4,632 per 100,000 population, while the rate of syphilis diagnosis among the general male population was 246 per 100,000 population.
Similar results were seen with gonorrhea. Among people with HIV/AIDS, 4.5% (n51,079) had a previously (n5386), concurrently (n586), or subsequently (n5607) reported gonorrhea infection in Arizona. Of these 1,079 cases, 94.6% (n51,021) were male. The rate of a previous, concurrent, or subsequent gonorrhea infection report among men diagnosed with HIV was 4,836 per 100,000 population compared with a rate of gonorrhea infection among the general male population of 815 per 100,000 population (data not shown).
Over time, an increasing percentage of males with a history of both HIV and syphilis and/or gonorrhea infection was observed. This analysis showed a sharp increase in the percentage of males with incident syphilis who were previously infected with HIV (defined as being diagnosed with HIV more than 60 days prior to the syphilis diagnosis) starting in 2003. This percentage increased from 0.5% in 1998 to 29.1% in 2008 ( Figure 1 ). The majority of these coinfected males reported male-to-male sexual contact; of the 405 males diagnosed with HIV prior to their early syphilis diagnosis, 384 (94.8%) reported male-to-male sexual contact (data not shown). Again, similar results were seen with gonorrhea, though the increase was more modest. The percentage of males with incident gonorrhea who were previously infected with HIV increased from 2.0% in 1998 to 3.5% in 2007 ( Figure 2 HIV cases with a reported gonorrhea history showed a contrasting time-interval pattern compared with HIV cases with a reported syphilis history. Among the 397 HIV cases with a reported gonorrhea history diagnosed with HIV from 2004-2008, 54.9% of people diagnosed with gonorrhea (n5218 of 397) were diagnosed before HIV diagnosis. In this population, only 15.4% (n561 of 297) of HIV cases diagnosed from 2004-2008 were diagnosed with gonorrhea at HIV diagnosis, and 29.7% (n5118 of 297) of HIV cases were diagnosed with gonorrhea after HIV diagnosis (Figure 4 ). Among cases diagnosed with gonorrhea before HIV diagnosis, the median time from the most recent gonorrhea diagnosis to HIV diagnosis was 35.9 months, with a mean of 27.5 months (SD530.3). The results were similar when the earliest gonorrhea diagnosis was used. During this time period, the rate of a previous, concurrent, or subsequent HIV infection reported in people diagnosed with gonorrhea was 1,965 per 100,000 population compared with a general rate of HIV infection of 14 per 100,000 population (data not shown).
DISCUSSION
We observed an increase in the number of HIV-infected males with a subsequent syphilis or gonorrhea infec-tion in Arizona. Of these coinfected males, more than 90% reported male-to-male sexual contact. During 1998-2008, the majority of cases with multiple diagnoses were diagnosed with syphilis or gonorrhea at or after HIV diagnosis. Among people diagnosed with HIV in 2004-2008, the majority of gonorrhea diagnoses occurred before the HIV diagnosis, highlighting this infection as a possible sentinel event for HIV diagnosis. Overall Arizona HIV and gonorrhea rates have decreased, while rates of syphilis have increased. Nationally, a 2009 study found that 36% of individuals diagnosed with syphilis were also coinfected with HIV. Among MSM diagnosed with syphilis, 53% reported HIV infection. 10 Our study showed similar findings.
This analysis demonstrates that some people diagnosed with HIV, syphilis, or gonorrhea continue to engage in high-risk sexual practices after diagnosis. As a result, these patients are contracting additional infections and exposing their partners to HIV and/or acute STD infection. The results suggest that male-to-male sexual contact is a risk factor for multiple infections. During the study time period, the annual number of syphilis cases increased, as did the number of HIV cases among young men, but there was no corresponding increase in overall HIV rates. Possible explanations for an observed increase in HIV-coinfected syphilis and gonorrhea cases without coincident increases in HIV are serosorting and the use of highly active antiretroviral therapy (HAART). Serosorting, the practice of seeking out sexual partners of the same HIV status, is a common practice among MSM. 16, 17 One study estimated that 21%-62% of the MSM population participated in this practice. 18 The use of HAART has been associated with reduced HIV transmission in serodiscordant partners, and reduced genital viral loads may dampen the risk of HIV acquisition and/or transmission among MSM with a concurrent STD. 19, 20 Although serosorting and the use of HAART may account for some of these findings, collection of this information was beyond the scope of this analysis.
Similar to other jurisdictions, there were numerous reported cases of STDs at or after HIV diagnosis in Arizona. [21] [22] [23] [24] [25] [26] The public health implications of HIV/ syphilis and HIV/gonorrhea coinfection are significant. Coinfection suggests that people infected with HIV are continuing to engage in high-risk sexual behavior whether or not their partners are of the same HIV serostatus. This analysis also shows that many gonorrhea diagnoses are occurring before HIV diagnosis, indicating that people with gonorrhea may be at higher risk of HIV infection at a later date. It is possible that our results are due to a lack of HIV testing among people with gonorrhea. The symptoms of gonorrhea appear more quickly than the symptoms of HIV (and syphilis), and a nationwide study estimated that only 51% of gonorrhea patients had been tested for HIV at gonorrhea diagnosis. 27 However, our results still suggest that gonorrhea infection indicates a high current or future risk of HIV infection.
Identifying coinfected individuals makes it possible to perform integrated partner services and develop prevention efforts targeting both STDs and HIV. 28 For example, knowledge of positive HIV status of syphilis and gonorrhea cases should prompt more aggressive referral of sexual partners for HIV testing. Arizona lacks the public health resources to offer partner services to every person diagnosed with syphilis or gonorrhea, and prioritizing cases with a previous HIV infection is a possible tool for identifying undiagnosed HIV cases. In addition, identifying high-risk HIV cases with STDs that have fallen out of primary HIV medical care may provide opportunities for renewed linkage to care. Performing timely comorbidity analyses of HIV and STD surveillance data is a necessary step in facilitating these public health interventions.
Limitations
This study was subject to several limitations. Underreporting is inherent in passive surveillance systems. Due to the asymptomatic nature of HIV, many people are unaware of their infection(s) and, thus, remain undiagnosed. Additionally, this study used HIV prevalence measures rather than incidence measures, and the exact time sequence of the infections cannot be determined. It is also possible that people in HIV care are more likely to be tested for other STDs, and that increased awareness of HIV among MSM resulted in higher testing rates of both HIV and other STDs. It is also important to note that HIV prevalence in Arizona increased 30% from 2006 to 2011, and the number of deaths among those infected with HIV decreased during that same time period. 11 Longer life spans among HIV-infected people may have led to an increase in the number of people acquiring an STD after infection in our sample. The databases used in this study did not contain detailed risk factor information, so it was not possible to determine which specific behaviors resulted in coinfection and are potential targets for intervention.
Inconsistencies in the format and completeness of the data among the two databases, as well as reviewer error, likely reduced the accuracy of the deterministic matching process, which is dependent on the data entered in a small number of fields. Additionally, reliance solely on deterministic matching is not recommended for use at the patient level. 14 Before data can be used for targeted partner services, time-consuming manual review of complete patient records will be necessary to ensure accuracy.
CONCLUSIONS
Confidential partner services is a public health tool whereby partners of infected cases are informed of their STD/HIV exposure so that the partner can receive testing and treatment. 28 Integrated data surveillance is critical to guide partner services among those who are coinfected. In Arizona, syphilis cases are prioritized over gonorrhea cases for investigation due to the increased morbidity associated with syphilis and the large number of gonorrhea cases each year. Prompt identification of coinfected individuals through an integrated surveillance system can allow for timely and prioritized partner services through which these highrisk populations can be educated about the prevention of disease transmission and receive information about testing and treatment efforts. ADHS HIV and STD programs have collaborated to institute such a surveillance system to identify coinfected cases, which allows for the most targeted partner services response. We hope that interventions at the client level will facilitate the identification of undiagnosed HIV cases and provide linkages to care, and that increased partner services and treatment efforts will decrease HIV and STD transmission in Arizona. Future studies to determine the effectiveness of this real-time surveillance system are needed to determine its efficacy.
